Investigating The Community-Level Variation In Hookworm Prevalence In The Kpandai District, Ghana: A Mixed-Methods Study by Kim, Harry Hyunteh Hyunteh
Yale University 
EliScholar – A Digital Platform for Scholarly Publishing at Yale 
Public Health Theses School of Public Health 
January 2020 
Investigating The Community-Level Variation In Hookworm 
Prevalence In The Kpandai District, Ghana: A Mixed-Methods 
Study 
Harry Hyunteh Hyunteh Kim 
harryhyunteh.kim@yale.edu 
Follow this and additional works at: https://elischolar.library.yale.edu/ysphtdl 
Recommended Citation 
Kim, Harry Hyunteh Hyunteh, "Investigating The Community-Level Variation In Hookworm Prevalence In 
The Kpandai District, Ghana: A Mixed-Methods Study" (2020). Public Health Theses. 1960. 
https://elischolar.library.yale.edu/ysphtdl/1960 
This Open Access Thesis is brought to you for free and open access by the School of Public Health at EliScholar – 
A Digital Platform for Scholarly Publishing at Yale. It has been accepted for inclusion in Public Health Theses by an 
authorized administrator of EliScholar – A Digital Platform for Scholarly Publishing at Yale. For more information, 




























































































































































































































































































































































































































































































































































































Median	Age*	 13.0	[0.77]	 13.8	[1.7]	 11.0	[1.1]	 12.7	[0.58]	
Sex	 	 	 	 	
				Female	 57	(53.8)	 38	(56.7)	 29	(50.0)	 124	(53.7)	
				Male	 49	(46.2)	 29	(43.3)	 29	(50.0)	 107	(46.3)	
Education	Level	 	 	 	 	
				None	 46	(37.4)	 21	(31.3)	 25	(33.8)	 92	(34.8)	
				Primary	 52	(42.3)	 30	(44.8)	 35	(47.3)	 117	(44.3)	
				Junior	High	 16	(13.0)	 10	(14.9)	 12	(16.2)	 38	(14.4)	
				Senior	High	or	above	 9	(7.3)	 6	(9.0)	 2	(2.7)	 17	(6.4)	
Occupation	 	 	 	 	
				Farmer	 59	(48.0)	 20	(32.8)	 37	(51.3)	 116	(44.3)	
				Small	Trader	 7	(5.7)	 4	(6.6)	 2	(2.8)	 13	(5.0)	
				Student	 52	(42.3)	 34	(55.7)	 29	(40.3)	 115	(43.9)	
				None	 5	(4.1)	 3	(4.9)	 4	(5.6)	 12	(4.6)	
Tribe	 	 	 	 	
				Konkomba	 107	(100.0)	 67	(100.0)	 54	(94.7)	 228	(98.7)	





























Hookworm	 30	(24.4)	 1	(1.5)	 5	(6.9)	 36	(13.6)	
H.	nana	 12	(9.8)	 9	(13.0)	 7	(9.7)	 28	(10.6)	
T.	trichuris	 1	(0.8)	 1	(1.5)	 0	(0.0)	 2	(0.8)	










































































Characteristic	 Jagbigbingdo	 Takumdo	 Wiae	Chabor	 Total	
Baseline	hookworm	
Infection	
30	(24.4%)	 1	(1.5%)	 5	(6.9%)	 36	(13.6%)	
Cases	by	infection	intensity	
				Light	 27	(90.0%)	 1	(100.0%)	 5	(100.0%)	 33	(91.7%)	
				Moderate	 3	(10.0%)	 0	 0	 3	(8.3%)	
Median	Egg	Count	*	 	 	 	 	
				Pre-Treatment	 252.0	 36.0	 120.0	 210.0		
				Post-Treatment	 66.0		 0.0	 24.0	 54.0	
FECR	(%)	 80.7	 100	 95.0	 83.4		
Cure	Rate	(%)	 63.0	 100.0	 60.0	 63.6	
Co-infection	with	hookworm	 	 	 	
				H.	nana	 2	 0	 0	 2	
				Trychostrongylus	 1	 0	 0	 1	
				Trichuris	 1	 0	 0	 1	

















































Household	size	 	 	 	 	
				0	–	10	 5	(27.8)	 2	(25.0)	 2	(18.2)	 9	(24.2)	
				11	–	15	 6	(33.3)	 5	(62.5)	 5	(45.5)	 16	(43.2)	
				15+	 7	(38.9)	 1	(12.5)	 4	(36.4)	 12	(32.4)	
Defecation	 	 	 	 	
				Latrine	 19	(100.0)	 1	(10.0)	 4	(36.3)	 24	(60.0)	
				Bush	and	field	 0	(0.0)	 9	(90.0)	 7	(63.6)	 16	(40.0)	
Total	animals	owned	 	 	 	 	
				0	 1	(5.3)	 0	(0.0)	 1	(9.1)	 2	(5.1)	
				1	–	25	 9	(47.4)	 3	(33.3)	 7	(63.6)	 19	(48.7)	
				26	–	50	 5	(26.3)	 4	(44.4)	 2	(18.2)	 11	(28.2)	
				50+	 4	(21.1)	 2	(22.2)	 1	(9.1)	 7	(18.0)	
Food	insecurity	 	 	 	 	
				Secure	 1	(5.3)	 0	(0.0)	 0	(0.0)	 1	(2.5)	
				Mildly	insecure	 3	(15.8)	 0	(0.0)	 0	(0.0)	 3	(7.7)	
				Insecure	 10	(52.6)	 4	(40.0)	 7	(63.6)	 21	(52.5)	
				Severely	insecure	 5	(26.3)	 6	(60.0)	 4	(36.4)	 15	(37.5)	
Knowledge	of	
deworming	in	past	year	
	 	 	 	
				Yes	 10	(55.6)	 3	(30.0)	 4	(36.4)	 17	(43.6)	














































Community	 	 	 	
				Jagbigbingdo	 7.26	[2.91,	18.1]	 11.2	[1.28,	97.1]	 5.34	[2.03,	14.1]	
				Takumdo	or	Wiae	Chabor	 1.00	 1.00	 1.00	
Age	 1.00	[0.98,	1.03]	 0.99	[0.96,	1.02]	 -	
Sex	 	 	 	
				Female	 1.00	 1.00	 -	
				Male	 1.38	[0.67,	2.87]	 1.21	[0.52,	2.82]	 -	





				Borehole	 1.00	 1.00	 -	
Household	Size	 1.73	[1.03,	2.90]	 1.96	[1.03,	3.74]	 2.09	[1.17,	3.74]	
Animal	Rearing	 0.99	[0.98,	1.00]	 0.99	[0.98,	1.00]	 0.99	[0.97,	1.00]	
Household	Food	Insecurity	 	 	 -	
				Food	insecure	or	better	 1.00	 1.00	 1.00	
				Severely	food	insecure	 0.31	[0.12,	0.77]	 0.32	[0.11,	0.96]	 0.32	[0.12,	0.85]	
H.	nana	infection	 2.19	[0.09,	2.88]	 0.72	[0.13,	4.03]	 -	
Defecation	behavior	 	 	 -	
				Latrine	 1.00	 1.00	 	
				Open	Field/Bush	 0.57	[0.21,	1.57]	 1.66	[0.22,	12.3]	 	




				Never	washes	 1.91	[0.73,	4.97]	 2.21	[0.64,	7.57]	 -	


















































































































































































Median	TDS	(ppm)	*	 99.3	[16.8]	 98.0	[120.1]	 170.0	[137.7]	 100.0	[27.0]	
Median	soil	pH	*	 7.73	[0.08]	 7.87	[0.23]	 7.95	[0.31]	 7.80	[0.07]	
Soil	type	 	 	 	 	
				Loam	 7	(33.3)	 2	(16.7)	 2	(20.0)	 11	(25.6)	
				Sandy	 7	(33.3)	 3	(25.0)	 4	(40.0)	 14	(32.6)	
				Silt	 3	(14.3)	 6	(50.0)	 2	(20.0)	 11	(25.6)	
				Clay	 4	(19.1)	 1	(8.3)	 2	(20.0)	 7	(16.3)	
Helminth	positive	 	 	 	 	
				Nematode	 5	(23.8)	 6	(50.0)	 3	(30.0)	 14	(32.6)	
				Hookworm	egg	 3	(14.3)	 5	(41.7)	 3	(30.0)	 11	(25.6)	










Loam	 5	(45.5)	 6	(54.6)	 11	
Sandy	 10	(71.4)	 4	(28.6)	 14	
Silt	 7	(63.6)	 4	(36.4)	 11	
Clay	 2	(28.6)	 5	(71.4)	 7	
	
	
	 A	density	map	of	approximate	environmental	parasite	load	was	created	using	soil	
parasitology	data	(see	Figure	11).	For	each	soil	sample,	environmental	helminth	and	nematode	
counts	were	determined	using	a	field-adapted	sucrose	flotation	protocol.	
Using	ArcGIS	Pro,	parasite	load	was	categorized	as	“low”,	“medium”	and	“high”	based	on	
relative	environmental	parasite	count.	The	ranges	of	total	helminth	eggs	and	nematode	larvae	
identified	per	15g	soil	sample	were	0-8	and	0-16	respectively,	with	identified	helminths	
including	Strongyloides-like	ova,	hookworm	eggs,	Ascaris	eggs	among	others.	(data	not	shown).	
	 Kim	36	
Subsequently,	we	attempted	to	extract	DNA	from	the	extracted	environmental	parasites;	
however,	the	yield	and	purity	was	too	low	to	conduct	further	PCR	experiments	for	genetic	
identification,	to	further	speciate	the	observed	parasites.		
		 Environmental	parasite	density	was	calculated	by	plotting	the	number	of	total	
environmental	parasites	(eggs	and	larvae)	over	a	density	cloud	of	100m.	Sampled	points	are	
indicated	by	black	dots	of	graduated	size	and	color	based	on	pH	and	ppm.	Notably,	there	were	
no	parasite	larvae	or	eggs	identified	from	soil	sampled	near	water	sources	(indicated	by	the	
blue	tabs).	Qualitatively,	environmental	parasite	density	was	highest	in	JG,	concentrated	over	
areas	near	the	household.	In	TK,	soil	parasites	were	also	identified	near	sampled	households,	
indicated	by	the	“medium”	density	plot,	while	in	WC,	the	relative	density	was	lowest.	It	should	
be	noted	that	a	limitation	of	this	analysis	is	that	due	to	the	small	sample	size,	a	generalization	
of	these	findings	is	not	possible.	
	 A	regression	analysis	was	performed	to	assess	the	relationship	between	soil	type	and	
soil	helminth	infection	status	(data	from	Table	6).	Using	the	analysis	of	maximum	likelihood	
estimates,	none	of	the	soil	types	are	statistically	significant	predictors	for	soil	infection	status.	It	
is	possible	that	a	larger	sample	size	is	necessary	to	have	a	larger	power.	Further,	it	is	possible	
that	the	soil	was	misclassified,	as	it	was	at	times	difficult	to	categorize	between	similar-looking	
soils.	
Environmental	characteristics	and	distribution	of	helminth-positive	soil	samples	are	
shown	in	Tables	5	and	6.	Soil	pH,	which	ranged	from	7.23	to	9.95,	was	suitable	for	hookworm	
egg	development,	as	an	alkaline	pH	of	around	8	has	been	shown	to	harbor	various	species	of	
geohelminths	(46).	Meanwhile,	the	borehole	water	had	a	slightly	acidic	pH	of	6.36,	and	a	TDS	of	
330	ppm.	The	relatively	high	TDS	confirms	the	hardness	of	the	piped	water	source.		
Total	Dissolved	Solids	(TDS)	ranged	from	4	–	1268	ppm	per	soil	sample.	TDS	is	a	measure	
of	suspended	organic	and	inorganic	substances;	these	can	include	anything	from	small	cations	
and	anions	like	zinc,	calcium,	phosphate,	nitrate	ions,	as	well	as	chemical	pollutants	like	
pesticides.	TDS	can	be	an	indirect	measure	of	a	soil’s	conductivity	and	hospitability	for	specific	
organisms.	Although	there	has	not	been	much	research	into	the	correlation	between	soil	TDS	
and	hookworm	development,	it	was	interesting	to	note	that	the	TDS	of	WC	was	higher	than	the	
two	villages.	
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Qualitative	Data	
	
Logistic	regression	analysis	of	questionnaire	data	showed	household	size	as	the	only	
statistically	significant	risk	factor	to	hookworm	exposure.	Severe	food	insecure	households	also	
had	a	significantly	decreased	odds	(aOR	0.32)	of	having	a	hookworm-infected	individual,	
compared	to	households	that	identified	as	food	insecure	or	better	(mildly	food	insecure	and	
food	secure	categories).	Severely	food	insecure	households	reported	not	being	able	to	eat	any	
foods	for	at	least	a	full	day,	which	may	be	a	result	of	unfruitful	agricultural	activities	or	lack	of	
income	to	purchase	foods.	Perhaps	a	consequence	of	this	behavior	is	decreased	foot	traffic	to	
agricultural	sites	or	other	hookworm	transmission	sites.	Although	the	lack	of	food	can	be	a	risk	
for	a	worse	nutritional	status,	this	status	may	reduce	the	frequency	and	chance	of	interacting	
with	areas	that	might	be	harboring	hookworms,	thereby	reducing	exposure	to	them.	More	
research	and	follow-up	are	needed	to	investigate	this	further.	
The	increased	probability	of	hookworm	exposure	in	larger	households	might	be	due	to	
the	increased	chance	of	infected	household	members	shedding	parasites	at	common	shared	
sites.	Members	of	the	same	household	use	the	same	latrine	(if	available),	and	work	on	the	same	
farmland,	and	thus	movement	patterns	are	likely	to	be	similar.		
Considering	there	may	be	factors	unseen	by	conventional	parasitology	or	survey	
collection	methods,	we	wanted	to	delve	into	the	history	of	the	development	of	the	three	
villages,	to	see	if	there	were	any	demographic	patterns	or	events	that	may	have	led	to	the	
differences	in	hookworm	prevalence.	Overall,	for	the	qualitative	portion	of	this	study,	we	
wished	to	depict	a	narrative	count	of	the	villages,	relating	to	individual	WASH	behaviors,	the	
surrounding	living	environment,	and	potential	reasons	for	continued	hookworm	transmission	in	
Jagbigbingdo.	
	
Study	site	background	and	historical	development	
The	three	villages	had	a	largely	homogeneous	ethnic	distribution,	with	the	majority	
being	of	the	Konkomba	tribe,	and	a	small	minority	of	Ewe	people.	The	Konkomba	people	were	
described	to	be	traditionally	sedentary	farmers,	whose	crops	include	cassava,	yam,	groundnut,	
maize,	millet,	among	others.	The	Ewe	people,	in	comparison,	generally	established	households	
near	the	river	coast,	as	their	primary	livelihood	relied	on	fishing	activities.		
Interviews	with	elders	revealed	that	Jagbigbingdo	was	the	earliest	established	
community	in	the	region:	JG’s	elder	indicated	that	his	father	came	from	the	N’Pando	region	in	
the	North	to	establish	a	new	village,	as	the	area	was	attractive	due	to	the	availability	of	fertile	
land.	Over	the	years	as	the	community	grew	larger,	he	reports	that	people	have	established	
new	villages	nearby,	among	them	TK	and	WC.	We	estimate	that	Jagbigbingdo	is	around	80	
years	old,	while	TK	and	WC	are	around	40	years	old.	From	the	aerial	maps	of	the	area,	JG	seems	
to	be	roughly	twice	the	geographic	and	demographic	size	of	the	other	two	villages.	
When	the	villagers	were	asked	what	technological	introductions	or	developments	were	
most	notable,	the	introduction	of	electricity	and	installation	of	boreholes	were	perceived	as	
most	important.		
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“Before,	we	were	using	lanterns	or	torch	lights	[…]	With	electricity	in	the	community,	the	
houses	look	clean	during	the	night,	but	before	the	whole	place	looked	dark	during	the	
night	and	you	could	not	see	much.	We	are	not	in	darkness	anymore,	as	there	is	the	
television	to	teach	us	what	is	going	on	in	the	world”	
	
“Before,	we	went	far	away	to	Wiae	Chabor	to	fetch	our	water.	And	during	rainy	season,	
we	would	go	to	the	stream	to	fetch	the	water.	But	now	we	can	get	the	water	from	the	
borehole	within	our	community	here.”	–	TK	elder	
	
	 Construction	of	boreholes	started	in	this	area	around	2004-2005,	according	to	the	
district	sanitation	office.	Boreholes	as	described	in	this	thesis	are	boreholes	with	a	hand	pump,	
as	seen	in	Picture	1.	At	the	time	of	our	study,	there	were	2	operational	boreholes	in	JG,	1	in	TK,	
and	0	in	WC.	It	was	reported	that	a	borehole	in	both	WC	and	TK	have	broken	down	during	the	
past	3	months,	and	have	yet	to	be	repaired.	Villagers	have	also	expressed	the	need	for	
additional	boreholes	and	treated	water	sources,	due	to	the	growing	population	of	the	villages.		
	 Regarding	MDA	against	hookworms,	local	clinical	officials	mentioned	that	there	was	a	
yearly	dose	of	anti-parasitic,	ivermectin	(dose	based	on	the	patient’s	height),	given	to	all	
individuals	captured	in	the	community.	Meanwhile,	55%	of	household	survey	respondents	
answered	that	they	did	not	have	knowledge	of	deworming	or	MDA	in	the	past	year.	Given	this,	
it	is	possible	that	hookworm-positive	individuals	were	not	getting	treated,	and	could	continue	
hookworm	transmission	cycles.	
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Water	resource	use	and	preferences	
	
Image	1.	Woman	fetching	water	at	JG’s	main	borehole.	The	picture	was	taken	at	7:15AM,	
when	a	handful	of	women	were	observed	waiting	in	line	to	use	the	borehole.	It	would	take	
around	five	minutes	to	pump	the	basin	full	of	water.	
	
	 When	there	is	no	immediate	source	of	water	available	within	the	household,	certain	
members	of	the	household	have	to	take	responsibility	of	regularly	procuring	water.	Water	
fetching	behavior	can	reveal	important	information	underlying	socio-cultural	interactions.	
As	is	the	case	with	many	traditional	cultures	around	the	world,	women	were	the	primary	
community	members	responsible	for	procuring	water	for	the	household	need	(47).	The	time	
allocated	for	fetching	water	daily	was	substantial:	women	reported	walking	30-60	minutes	to	
get	to	a	borehole	or	a	stream,	repeating	this	process	up	to	five	times	a	day.	Children,	both	male	
and	female,	accompanied	mothers	to	the	stream	when	additional	help	was	required.	JG	
residents	were	more	likely	to	report	that	there	was	overcrowding	in	the	community,	especially	
in	regards	to	water	resource	use,	perhaps	due	to	the	larger	size	of	the	community.	
	
“If	I	wake	up	early	in	the	morning	I	will	first	go	for	water	around	6AM.”	–	JG	woman	
	
Women	preferred	to	get	to	the	borehole	as	early	as	possible,	as	the	water	would	dry	out	
quickly.	They	carried	aluminum	or	plastic	basins	that	would	carry	around	30-40L	of	water	on	
their	head,	and	walk	15-60	minutes	to	the	water	site.	The	roads	to	the	borehole	and	streams	
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were	uneven,	with	paths	that	went	through	bush	and	mud.	At	the	borehole	entry,	the	water	
fetchers	would	remove	slippers	or	footwear,	and	spend	around	5-10	minutes	filling	each	basin.		
At	the	stream	site,	footwear	was	removed	before	entering	the	stream.	The	fetchers	would	walk	
until	the	depth	of	the	water	reached	up	to	the	shin,	as	shallower	water	was	perceived	as	dirtier.	
When	the	basin	was	filled,	the	fetcher	would	balance	it	onto	their	head,	and	walk	back	to	the	
household.		
Water	was	stored	at	the	household	in	large	plastic	oil	drums	repurposed	for	water	
storage,	or	traditional	clay	urns	dedicated	for	rainwater	collection.	The	collected	water	was	
then	used	throughout	the	day	for	cooking,	drinking,	bathing,	and	cleaning.	Only	two	households	
reported	treating	their	water	to	make	it	safer	for	consumption.	One	household	used	alum	to	
treat	their	water,	and	a	few	women	reported	filtering	water	with	their	scarves.	The	use	of	
scarves	could	be	an	artefact	of	educational	campaigns	to	prevent	guinea	worm	infection,	which	
promoted	filtering	water	from	open	sources	(48).		
	
“The	water	does	not	flow	and	is	stagnant,	so	the	water	inside	is	not	clean	[…]	We	use	a	
scarf	to	filter	it	at	the	house	after	we	bring	it	from	the	stream.”	–	JG	woman,	hookworm	
negative	
	 	
There	were	many	negative	perceptions	about	the	quality	of	the	Dako	river	water,	
associated	with	the	various	activities	that	happened	at	the	site.	Respondents	mentioned	that	
other	than	fetching	water,	people	did	laundry,	fished,	and	rode	motorized	boats	as	ferries.	
Respondents	who	sourced	water	from	the	stream	seemed	to	do	so	because	they	felt	that	they	
had	no	alternative	–	if	given	a	choice,	all	respondents	would	choose	the	borehole	water	for	
daily	use	for	its	cleanliness.		
	
“Because	of	the	overpopulation	of	the	community	the	pipe	is	not	enough	for	everyone,	
so	when	you	go	and	there	are	many	people	trying	to	use	the	pipe,	we	go	to	the	stream	to	
fetch	the	dirty	water.	The	reason	why	I	called	the	water	dirty	is	that	when	you	get	to	this	
stream,	the	water	looks	bad	but	you	have	no	option	than	to	use	it.”		–	JG	woman,	
hookworm	positive.	
	
“If	I	am	thirsty	and	I	drink	the	stream	water,	I	do	not	feel	thirsty	again	quickly.	But	if	I	
take	the	borehole	water,	I	will	feel	thirsty	again	very	quickly.”	–	TK	woman,	hookworm	
negative	
	
Many	other	respondents	supported	the	above	statement;	they	would	say	that	they	
might	drink	the	stream	water	as	it	would	give	them	more	energy	than	the	borehole	water,	
despite	them	knowing	that	the	quality	or	cleanliness	may	be	inferior.	There	was	the	distinction	
between	hard	water	from	the	borehole,	and	soft	water	from	the	stream.	Hard	water	is	
characterized	by	the	high	mineral	content,	including	calcium,	magnesium	carbonates,	among	
others.	Meanwhile,	having	only	the	stream	as	a	water	source	was	not	a	risk	factor	for	
hookworm	infection,	especially	because	the	hookworm	prevalence	in	WC,	which	does	not	have	
any	improved	sources	of	water,	is	much	lower	than	in	JG,	whose	residents	have	access	to	two	
boreholes.	
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Defecation	and	Hygiene	
	
Image	2.	Latrine	under	construction.	Villagers	were	instructed	by	the	District	Sanitation	Office	
on	how	to	construct	latrines.	Many	half-constructed	latrines	could	be	seen	throughout	WC	and	
TK:	some	were	actively	under	construction,	while	other	construction	projects	were	abandoned,	
as	the	foundation	had	collapsed,	and	construction	had	halted.		
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Image	3.	Difference	in	latrine	quality	in	Jagbigbingdo.	On	the	left,	the	construction	of	the	
latrine	is	relatively	poor:	there	is	no	door	to	seal	the	entrance,	the	roof	is	made	of	a	layer	of	zinc	
plating	weighted	down	by	a	branch,	and	there	is	no	separation	between	the	latrine	and	the	soil.	
On	the	right,	the	construction	of	the	latrine	is	much	more	solid.	There	is	a	concrete	foundation	
base,	as	well	as	concrete	walls,	a	closeable	door,	and	a	reinforced	roof.	A	jug	of	water	next	to	
the	latrine,	used	for	washing	hands,	can	be	noted	by	the	side.	
	
The	quality	of	toilets	varied	by	household	–	while	some	latrines	were	mainly	constructed	
using	clay	bricks,	some	were	reinforced	with	a	concrete	foundation	and	metal	roofs,	protecting	
the	toilet	against	erosion	and	rainfall.	Families	who	had	poorly	constructed	toilets	would	report	
that	they	reverted	to	open	defecation	after	their	toilet	had	collapsed	(Images	2	and	3).		
We	learned	that	the	district	sanitation	office	had	started	to	advise	community	residents	
to	build	latrines	around	2018,	18-24	months	before	the	data	collection	period.	When	we	asked	
why	they	think	defecating	at	a	latrine	might	be	preferable	to	open	defecation,	the	residents	
often	brought	up	the	sanitation	officers.		
	 	 	
“Yes,	the	sanitary	officers	came	to	tell	us	we	should	not	poop	outside	anymore	since	it	is	
not	good.”	–	JG	child,	female,	hookworm	positive	
	
	 The	office	mentioned	that	making	the	district	open	defecation-free	was	a	priority,	and	
their	method	of	achieving	this	goal	was	by	educating	people	at	the	community	level,	and	giving	
demonstrations	on	how	to	build	latrines	to	each	household.	The	office	specified	that	this	was	a	
disease	prevention	strategy	against	typhoid	fever,	a	bacterial	febrile	illness	that	can	be	
transmitted	via	the	fecal-oral	route	(49).			
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The	residents	were	not	specifically	instructed	about	hookworms	or	typhoid	fever,	and	
no	respondent	demonstrated	knowledge	that	helminths	in	soil	would	cause	illness.	Regardless,	
it	appears	that	the	health	education	campaign	was	partially	accepted	by	the	community	–	all	
respondents,	regardless	of	age	and	gender,	answered	with	a	consistent	story	why	they	think	it	
might	be	important	to	defecate	at	the	latrine	rather	than	the	open	field.	The	reason	for	using	
the	latrine	was	a	variation	of	the	following:	
	
“When	you	use	the	bush	to	defecate,	the	fowl	can	go	and	step	on	the	poop,	and	come	
back	to	the	house	and	step	on	the	foods	that	we	are	drying	for.	If	that	happens,	you	eat	
food	that	the	fowl	stepped	on.	And	we	look	at	this	and	see	it	is	not	good,	and	that	is	why	
we	constructed	the	latrine.”	–	JG	man,	hookworm	positive	
	
	
Figure	11.	“F-diagram”	of	disease	transmission	and	control	(Wagner	&	Lanoix)	and	additional	
transmission	pathways	due	to	poorly	managed	sanitation	(Prüss	et	al.	2005).	Taken	from	(50).	
Fecal-oral	transmission	of	environmentally-transmitted	parasites	can	manifest	through	a	variety	
of	routes.	When	sanitation	measures	or	WASH	infrastructure	are	lacking,	transmission	routes	
can	be	amplified,	and	lead	to	further	contamination	of	the	environment.	
	
None	of	the	three	study	communities	were	open	defecation	free	as	of	the	study	period.	
16/40	of	households	(40%)	self-reported	to	practicing	open	defecation,	while	24/40	(60%)	used	
an	outdoor	latrine	for	defecation.	Interestingly,	all	JG	households	reported	that	they	solely	used	
latrines,	and	not	the	bush	for	defecation.	This	was	interesting,	as	interviews	revealed	that	some	
of	the	household	latrines	were	not	in	use,	due	to	poor	construction	or	general	dislike	of	its	
usage.	Further,	JG	is	the	largest	community	within	its	vicinity,	and	was	the	first	to	receive	the	
educational	training	from	the	sanitation	office.		
As	seen	in	Figure	11,	poorly	managed	latrines	can	be	a	pathway	for	maintaining	the	
hookworm	transmission	cycle.	If	existing	infections	were	not	dealt	with,	the	implementation	of	
latrines	by	itself	may	not	have	eliminated	the	parasite.	
Latrines	were	generally	perceived	to	be	convenient	to	use,	and	preferable	to	the	bush.	A	
benefit	about	its	use	is	the	privacy	compared	to	bush	defecation:	people	still	performing	open	
field	defecation	reported	walking	as	far	as	an	hour	away	from	the	household,	oftentimes	having	
to	travel	through	bush	and	muddy	paths.	There	was	no	noted	nuance	or	insinuations	of	cultural	
superiority	to	using	latrines	over	open	defecation.			
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“I	like	using	[the	latrine]	because	it	is	near	my	house,	and	I	can	go	any	time	I	feel	like	
going	to	the	toilet.	I	can	just	enter	inside	it,	and	I	will	not	spend	much	to	going	to	the	
bush.	And	more,	after	you	defecate	I	can	cover	the	hole	before	I	come	out.”	–	WC	man,	
hookworm	negative	
	
	 However,	not	all	residents	felt	the	same	about	the	new	implementation	of	latrines	into	
their	lifestyle.	It	is	possible	that	some	do	not	necessarily	like	to	use	them,	but	feel	the	pressure	
to	continue	doing	so,	either	directly	from	the	sanitation	officers,	or	peer	pressure	from	a	social	
desirability	standpoint.	There	have	been	comments	about	the	smell	that	the	latrine	produces:	
as	most	household	latrines	had	no	cover	for	the	hole	in	the	latrine,	they	noted	the	smell	from	
the	accumulating	compost.	Some	families	used	natural	remedies,	including	scattering	ash	after	
using	the	latrine,	to	mitigate	the	smell.		
	
“I	don’t	like	[using	a	latrine]	but	they	[sanitation	officers]	said	we	should	use	it	because	
of	the	smell.	[…]	We	use	burnt	palm	nut	ash	to	reduce	the	smell.”	–	JG	woman,	
hookworm	negative.	
	
	 Further,	many	latrines	were	lacking	the	suggested	handwashing	equipment,	such	as	
refillable	jugs	of	water	and	soap,	so	that	the	users	could	wash	their	hands	immediately	after	
defecating.	The	validity	of	survey	questions	asking	about	the	method	and	frequency	of	washing	
hands	come	into	question,	as	it	is	difficult	to	accurately	measure	whether	people	do	wash	their	
hands	properly.	
	 	
	
A	Day	in	the	life	of	a	JG	resident:	a	narrative	recounting	
*	Note:	The	following	paragraph	is	based	on	information	from	interviews,	and	systematic	
observations	of	community	members.	This	portrayal	of	a	daily	snapshot	of	a	JG	resident	may	not	
be	completely	accurate,	and	may	only	apply	to	a	subset	of	the	population.		
	
The	day	started	early	before	sunrise	for	those	who	lived	in	JG,	but	especially	for	the	
women.	Around	6	AM,	the	women,	whose	responsibilities	included	domestic	activities,	burn	
firewood	to	boil	water	for	the	family’s	bath.	Water	would	be	stored	in	large,	plastic	oil	drums,	
which	were	replenished	every	day.	Women,	sometimes	with	their	children,	walked	to	the	
nearest	water	source,	either	the	borehole	pump	or	the	stream,	to	fetch	water.	Generally,	it	was	
known	that	the	borehole	had	cleaner	water,	but	it	could	be	more	difficult	to	procure,	as	there	
were	many	families	that	lined	up	early	in	the	morning	at	the	borehole.	Adult	men	generally	did	
not	go	to	fetch	the	water.	
Around	7	AM,	most	women	would	have	already	made	at	least	one	trip	to	the	borehole	
or	the	stream,	to	fetch	the	water	for	the	day.	Children	started	to	wake	up	and	help	around	the	
household.	Some	were	seen	scrubbing	pots	with	a	brush,	or	sweeping	the	courtyard	with	a	
broom,	shooing	goats	and	dogs	that	lingered	around.	When	the	house	was	not	yet	swept,	it	
was	easy	to	spot	scattered	piles	of	goat	feces	around	the	household	courtyard.		
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“I	make	sure	every	morning	when	I	wake	up	I	sweep	the	house	and	keep	things	tidy,	and	
sweep	the	animal	poop	and	put	it	into	the	bush.”	–	JG	woman,	hookworm	negative	
	
The	men,	meanwhile,	were	less	involved	in	household	activities	including	cooking	or	
fetching	water.	Most	of	the	community’s	men	were	farmers,	and	tended	to	their	crops	early	
before	sunrise.	The	farmers	left	their	household	by	foot	or	bicycle,	equipped	with	a	machete,	a	
gallon	jug	of	water,	and	half	a	yam	to	roast	for	lunch.	Some	of	the	community’s	men	had	
already	left	to	their	farms	by	the	time	we	arrived	at	the	village	around	5:45	AM.	For	some,	the	
farm	was	very	close	by,	perhaps	a	five-minute	walk	away	from	the	house.	For	others,	they	had	
to	cover	great	distances	to	get	to	their	farm.	They	expressed	that	the	community	had	grown	
large,	and	fertile	land	was	only	available	far	away	from	the	village,	and	so	they	felt	that	they	
had	no	other	choice	but	to	walk	long	distances.	
The	length	of	stay	at	the	farm	differed	based	on	the	distance	to	the	farm.	For	those	who	
worked	close	to	home,	they	would	return	home	when	they	were	tired.	This	could	be	due	to	the	
exhaustion	from	the	physical	labor,	the	intense	heat	from	the	sun,	dehydration,	or	hunger.	
However,	those	whose	lands	were	located	further	away	from	the	home	tended	to	stay	
overnight	at	the	farm,	and	even	throughout	multiple	days,	to	save	time	by	avoiding	walking	
multiple	trips.	As	the	farm	was	located	far	away,	and	work	needed	to	be	done	in	a	time-
efficient	manner,	children	sometimes	accompanied	their	parents	to	the	farm	to	share	the	
workload	on	weekends	or	days	without	school.	For	one	JG	family	for	which	at	least	6	members	
tested	positive	for	hookworm:	
	
“Because	the	farm	is	far	away	from	the	house,	we	sleep	at	the	farm,	and	the	children	
too.	It	is	about	5	miles	away.	But	we	go	there	with	bicycles	and	those	who	do	not	have	
bicycles	walk.	During	the	weekend,	the	school	children,	around	3	of	them,	and	6	people	
total,	work	at	the	farm.”	–	JG	man,	hookworm	positive	
	
Perhaps	this	difference	in	work	culture	is	particular	to	JG.	Since	TK	and	WC	were	
established	later	than	JG,	and	their	population	sizes	are	smaller,	there	were	no	reports	of	
overpopulation	or	lack	of	fertile	lands.		
	
“I	have	seen	Jagbigbindo	people	sleep	in	the	bush	at	their	farm,	but	Takumdo	people	do	
not	sleep	there.”	–	JG	man,	hookworm	positive	
	
	 Staying	longer	durations	at	agricultural	sites	may	be	a	risk	factor	to	hookworm	infection,	
as	one	would	be	in	direct	contact	with	soil	for	extended	periods	of	time,	without	adequate	
WASH	facilities	or	clean	water	to	wash	oneself.	Although	the	distance	to	farms	were	not	
recorded,	it	would	be	interesting	for	future	studies	to	consider	the	geographic	distance	traveled	
in	relation	to	hookworm	exposure	risk.	
The	weather	and	climate	had	a	direct	impact	on	the	productivity	and	livelihood	of	the	
people	in	these	communities.	When	the	weather	was	fair,	the	farming	activity	could	continue	
until	one	was	tired.	However,	most	farmers	mentioned	that	on	rainy	days,	they	did	not	work	at	
the	farm.	The	soil	would	be	muddy,	and	it	would	be	difficult	to	work	the	land,	so	they	would	
return	home.	There	were	even	mentions	of	it	being	taboo	to	work	in	wet	conditions,	as	it	would	
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bring	bad	luck	or	harvests.	Many	people	are	either	barefoot	or	wear	inadequate	footwear	when	
working,	which	offer	little	protection	against	hookworm	infection.		
Schoolchildren	returned	home	in	the	afternoon	around	2PM,	and	often	started	to	help	
mothers	with	chores	around	the	household.	Food	would	be	prepared	for	the	family	in	the	
evening,	around	4PM.	A	typical	supper	consisted	of	regional	variants	of	fufu	(pounded,	boiled	
starch	vegetables	like	yam),	accompanied	with	a	stew.	The	day	ended	for	most	people	after	
sunset.	The	parents	would	instruct	children	to	take	a	bath	before	going	to	sleep.	Taking	a	bath	
consisted	of	heating	water,	and	using	a	sponge	and	soap	to	wash	oneself.		
	
Efforts	from	the	local	government	and	health	authorities	
	
Throughout	villager	interviews,	we	found	that	not	many	villagers	expressed	knowledge	
of	hookworms,	or	environmentally-transmitted	parasites	found	in	soil.	When	asked	about	
malaria,	or	even	onchocerciasis,	many	people	knew	the	transmission	methods	and	symptoms.	
When	asked	about	what	might	cause	stomach	aches,	respondents	either	expressed	uncertainty,	
or	related	it	to	the	quality	of	the	food	and	water	they	consumed.	
	
“[Where	do	you	think	stomach	aches	come	from?]	
That	is	what	I	don’t	know.	When	we	go	to	the	clinic	we	don’t	know	exactly	what	is	
happening,	and	the	nurses	at	the	clinic	don’t	tell	us	where	the	ache	is	coming	from.”	–	JG	
Woman,	hookworm	negative	
	
“I	thought	people	can	get	hookworms	by	eating	bad	food,	like	leftovers	which	were	not	
heated	with	fire,	or	contaminated	foods.”	–	WC	man,	hookworm	negative	
	
	 We	learned	that	the	clinic	laboratory	was	not	equipped	to	diagnose	hookworm	
infections,	and	there	were	no	specific	protocols	for	hookworm	screening.	Rather,	when	patients	
came	in	with	symptoms	of	stomach	pain	and	diarrhea,	they	were	given	oral	rehydration	salts	
and	sometimes	prescriptions	for	ivermectin	or	albendazole.	Since	the	district	is	endemic	to	
malaria,	and	symptoms	of	stomach	pain	can	be	similar	with	hookworm	infection,	it	is	possible	
that	helminth	infections	were	undiagnosed	or	misdiagnosed	as	malaria.	Further,	the	health	
education	offered	by	clinicians	may	be	misunderstood	by	the	patients,	as	expressed	in	the	
above	quote.		
	
The	clinic	served	the	three	study	communities,	and	nurses	reported	going	into	the	
communities	for	screening	and	educational	programs.	The	topics	of	educational	campaigns	
included	family	planning/child	care,	hygiene	and	sanitation.		
	
“We	don’t	have	a	specific	[educational	campaign]	that	[on	hookworms].	But	it	chips	into	
personal	hygiene	and	stuff	like	that.	We	say	children	should	wear	sandals	when	they	go	
out.	If	they	are	not	wearing	sandals,	they	might	get	hookworm	infections.”	–	Banda	clinic	
disease	control	unit	
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The	clinic	staff	expressed	their	own	frustrations	in	delivering	these	health	education	
campaigns	at	the	community	level.	
	
“There	is	the	Konkomba,	Chunmuro,	and	some	of	them	don’t	understand	the	Twi	or	
English.	For	me,	I	can	only	manage	the	English	and	the	Twi.	
	
“I	think,	to	make	work	easy	for	the	proper	education	of	the	hand	washing,	[…]	[the	
district]	should	get	water	for	them	in	the	community.	It	will	help	them.	[…]	They	should	
have	[water]	24/7.	Our	education	is	that	they	should	wash	their	hands	with	soap	and	
water.	They	would	not	say	‘oh,	I	need	to	get	money	to	buy	water’.	And	‘if	I	use	it	today,	
tomorrow	the	tap	will	not	be	open	so	we	will	have	to	manage’.		
	
	 When	clinic	staff	interact	with	patients	at	the	clinic,	or	during	educational	visits,	it	is	
possible	that	the	intended	message	is	not	correctly	delivered	or	interpreted.	Even	if	the	nurses	
had	educational	material	ready	to	deliver,	they	expressed	that	it	would	be	sometimes	difficult	
to	enforce	the	advice,	as	these	villages	were	lacking	the	infrastructure	to	obtain	and	maintain	
clean	water	nearby.	The	clinic	staff	emphasized	the	importance	of	community	liaisons	between	
each	community	and	the	clinic,	who	would	volunteer	to	translate	and	assist	clinic	staff	during	
community-wide	screenings	or	treatments.	
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Discussion	
In	this	mixed-methods	survey	of	behavioral	and	environmental	risk	factors	tied	to	
hookworm	infection,	we	explored	various	aspects	tied	to	hookworm	exposure	and	
transmission.	The	rationale	for	this	study	was	to	use	qualitative	and	environmental	
methodology	to	capture	information	that	otherwise	would	not	present	itself	through	classical	
epidemiology	methods.	In	the	initial	2017	survey,	no	conclusive	risk	factor	was	found	as	to	why	
JG	had	a	higher	hookworm	prevalence	than	WC	and	TK,	two	similar	and	nearby	villages.	The	
rationale	for	this	study	was	to	investigate	the	different	factors	of	the	F-diagram	in	a	holistic	
manner,	to	uncover	new	hypotheses	about	why	this	community-level	variation	may	exist.	
	
Risk	factors	and	protective	factors	to	hookworm	infection	
	
Through	the	administration	of	household-level	surveys,	we	asked	participants	questions	
regarding	their	water	usage,	WASH	practices,	and	knowledge	surrounding	hookworms	and	
other	diseases.	A	logistic	regression	model	of	household-level	risk	factors	identified	household	
size	as	a	statistically	significant	risk	factor	for	hookworm	infection.	Previously	demonstrated	risk	
factors	to	hookworm	infection	in	similar	regions	of	Ghana,	such	as	pig	ownership,	were	not	
found	to	be	significant	risk	factors	in	this	study.	Pigs	have	been	shown	to	ingest	contaminated	
human	feces	at	sites	of	open	defecation	and	later	excrete	these	eggs	near	the	household,	
thereby	acting	as	a	transport	vehicle	to	environmentally-transmitted	parasites	(12).	Perhaps	
animal	rearing	practices	were	not	accurately	captured	by	our	survey.	
Being	severely	food	insecure	was	found	to	be	a	protective	factor	against	hookworm	
infection.	Intuitively,	it	would	be	expected	that	those	who	are	more	food	insecure	would	have	
poorer	infection	outcomes,	due	to	poorer	immune	systems,	nutrition	profiles,	and	general	
poverty.	There	may	be	underlying	factors	why	this	may	not	be	the	case.	1/40	households	were	
food	secure,	and	over	90%	of	households	were	either	food	insecure	or	severely	food	insecure.	
The	protective	OR	may	simply	be	a	consequence	of	the	small	sample	size	(n=40)	of	household	
surveys,	or	from	behavioral	differences	of	severely	food	insecure	households		
	
	
Water	resource	use	
	 Perhaps	the	most	perplexing	piece	of	the	puzzle	in	the	study	was	the	link	between	
access	to	clean	water	and	hookworm	transmission.	Variation	across	the	three	villages	was	
found	regarding	water	resource	availability	and	use.	In	WC,	there	was	no	working	borehole,	and	
people	had	to	travel	30-50	minutes	to	reach	the	only	source	of	water,	the	Dako	River.	However,	
the	hookworm	prevalence	was	only	6.9%,	compared	to	JG,	which	had	2	working	boreholes,	as	
well	as	a	stream	site.		
As	noted	with	similar	traditional	African	societies,	women	and	children	were	responsible	
for	procuring	water	for	the	family.	However,	sex	or	lack	of	improved	water	sources	were	not	
risk	factors	for	hookworm	infection	in	this	study.	Meanwhile,	no	environmental	parasites	were	
identified	through	soil	analyses	at	either	the	borehole	sites,	or	at	the	stream	sites.	Since	the	
water	fetchers	remove	their	footwear	and	expose	themselves	to	wet	soil	around	the	water	
source,	it	was	plausible	to	expect	these	sites	to	be	grounds	for	hookworm	transmission.		
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	 An	important	revelation	was	of	the	different	sizes	of	the	communities.	JG	was	roughly	
twice	as	large	in	terms	of	geographical	and	population	sizes.	JG	water	fetchers	were	spending	
more	time	waiting	at	the	water	sites,	as	the	flow	of	the	borehole	pumps	was	slow,	and	there	
was	limited	water	supply	for	every	household	in	the	village.	Perhaps	exposing	oneself	for	longer	
durations	at	hookworm	incubations	sites	is	behind	one	of	the	mechanisms	of	sustained	
hookworm	transmission	in	JG.	
	
	
Defecation	behavior	and	lack	of	proper	health	education	
JG	residents	all	self-reported	to	use	latrines	for	defecation.	Latrine	use	would	be	an	
expected	protective	factor	against	hookworm	infection,	as	it	can	reduce	the	amount	of	fecal	
spread	of	soil.	Global	bodies	such	as	the	WHO	have	been	pushing	for	reducing	open	defecation	
and	improving	WASH	facilities	in	low	resource	areas.	It	is	possible	that	the	accompanying	health	
education	on	how	to	effectively	use	the	latrine	was	lacking;	if	there	was	no	knowledge	transfer	
regarding	personal	and	family	hygiene	measures	such	as	hand	washing	techniques	and	proper	
food	preparation,	alongside	the	latrine	construction,	it	is	possible	that	the	same	contamination	
and	STH	transmission	cycles	continued	(51).	
Most	households	further	reported	to	have	adequate	or	frequent	use	of	hand	washing	
after	defecating,	and	before/after	eating.	However,	during	multiple	systematic	observation	
sessions,	many	children	were	observed	to	eat	without	washing	their	hands,	and	handwashing	
material	such	as	soap	and	water	were	not	found	near	the	latrine.	This	type	of	poor	hand	
hygiene	practice	can	potentially	increase	exposure	to	parasites,	and	continue	transmission	
cycles.	It	is	possible	that	survey	respondents	did	not	answer	completely	truthfully	to	some	
questions,	as	the	survey	touched	upon	potentially	stigmatizing	or	personal	subjects.		
	
	
	
Potential	“super	spreader”	households	in	JG	
	 Environmental	analysis	of	soil	and	water	conditions	gave	insight	on	the	hookworm	
infection	case	distribution.	Elevations	for	TK	and	JG	were	identical	at	150	m	a.s.l,	while	WC	was	
located	at	a	slightly	lower	altitude	of	100	m	a.s.l.	Although	hookworms	generally	favor	lower,	
coastal	altitudes,	closest	to	the	environment	of	WC,	this	is	not	consistent	with	our	data,	and	
thus	other	environmental	factors	may	be	important.	The	sample	size	for	soil	data	collection	was	
small	due	to	time	constraints,	and	thus	it	is	difficult	to	generalize	or	conduct	accurate	statistical	
analysis	about	the	distribution	of	various	soil	types.	Ideally,	10-15	samples	would	have	been	
taken	at	each	sampling	site.	JG	has	a	larger	population	than	the	other	two	villages,	which	can	
lead	to	higher	foot	traffic	within	the	community	and	beyond	to	reach	farmlands.	The	density	
analysis	of	environmental	hookworm	distribution	suggested	that	there	are	larger	amounts	of	
environmental	parasites	present	in	JG.	It	is	possible	to	hypothesize	potentially	higher	
environmental	reservoirs	of	helminths	near	households,	facilitating	transmission	to	humans.	
	 Further,	the	hookworm	case	distribution	map	showed	that	there	are	a	few	households	
in	the	middle	of	JG	that	have	a	large	number	of	hookworm-infected	individuals.	Meanwhile,	
since	we	capped	the	maximum	number	of	participants	from	each	household	at	7	individuals,	it	
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is	likely	that	many	more	household	members,	who	are	likely	in	close	proximity	to	infected	
individuals,	are	infected	with	hookworms.	In	this	case,	there	could	exist	“super	spreader”	
families	or	individuals	that	maintain	transmission	cycles	within	the	community.			
	 One	interesting	survey	response	was	regarding	knowledge	of	MDA	in	the	past	year.	
Almost	half	of	respondents	answered	that	they	did	not	know	of	any	deworming	trials.	Poor	
MDA	penetration	may	lead	to	foci	of	highly-infected	individuals	that	do	not	get	treated	for	
several	rounds	of	MDA,	leading	to	sustained	transmission.	This	may	suggest	that	the	high	
prevalence	in	JG	may	be	continued	by	“super-spreader”	households	that	are	systematically	
missed	by	MDA.	Given	that	the	village	is	large,	perhaps	health	officials	have	been	missing	the	
infected	households,	such	as	the	one	JG	household	whose	members	all	tested	positive,	that	
also	stay	overnight	
	
Limitations	of	the	study	
Qualitative	methods	
Qualitative	interviews	with	study	community	residents	and	stakeholders	raised	
important	questions	regarding	the	behavior	of	rural,	agrarian	communities.	A	large	limitation	of	
this	study	is	the	inherent	bias	and	social	desirability	of	the	interview	process:	the	persons	
participating	in	the	interview	included	the	study	participant,	two	male	local	translators,	and	two	
male	research	team	members.	The	interviewers	would	adapt	open-ended	questions	from	a	pre-
determined	list	based	on	the	interviewee’s	gender,	age,	and	role	in	the	community.	As	all	
interviewers	were	male,	and	due	to	the	potentially	stigmatizing	nature	of	questions,	it	is	
possible	that	certain	individuals	did	not	provide	answers	that	reflected	their	actual	behavior	or	
beliefs.	The	inherent	power	imbalance	between	the	foreign	investigator	and	the	community	
member	may	have	prompted	them	to	bias	their	answers.	Efforts	were	made	to	minimize	biases	
in	questions	asked,	and	to	make	the	conversation	natural	and	comfortable	for	the	interviewee.	
	
	
	
Sensitivity	of	diagnostic	methods	
	 The	examination	of	stool	specimens	using	the	Kato-Katz	method	for	helminth	egg	
identification	is	the	standard,	recommended	method	by	the	WHO	for	field	diagnosis	of	various	
STH,	including	hookworms.	A	generally	discussed	limitation	of	this	method	is	the	limited	
sensitivity.	Hookworm	eggs	are	not	stable,	and	the	Kato-Katz	may	fail	to	detect	any	amounts	of	
eggs	within	30	minutes	of	preparing	the	slides	for	examination	(52).	Alternative	tests	like	PCR-
based	diagnostics	may	be	more	sensitive,	although	such	protocols	requiring	substantial	
equipment	was	not	feasible	in	the	field	setting.	With	the	limitations	of	the	Kato-Katz	in	mind,	
efforts	were	made	to	follow	standardized	protocols,	and	respect	the	maximum	time	interval	
between	slide	preparation	and	microscope	examination.		
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Success	and	limitations	of	the	local	health	authorities	in	reducing	open	defecation	
The	efforts	from	local	health	and	sanitation	authorities	were	successful	in	penetrating	at	
the	community	level,	highlighting	the	potential	for	community-level	behavioral	change	
interventions	to	succeed.	Although	they	were	focused	on	reducing	open	defecation,	efforts	
may	have	synergized	and	results	may	have	improved	if	additional	education	was	given	about	
STH:	no	respondent	revealed	knowledge	about	parasites	living	in	the	soil	that	could	cause	
stomach	illness.	Villagers	seemed	to	trust	the	advice	from	local	health	staff,	and	the	
implementation	of	latrines	across	all	JG	households	took	less	than	two	years.	Full	behavioral	
change,	which	would	include	proper	handwashing	methods	and	knowledge	of	parasites,	would	
require	additional	or	new	strategies.	
The	quality	of	the	WASH	infrastructure	was	inconsistent	across	households,	and	latrines	
by	themselves	would	be	insufficient	to	eliminating	soil-transmitted	helminths;	access	to	clean	
water,	as	well	as	health	education	campaigns,	are	all	necessary	to	promote	behavior	change.	
The	campaign	to	achieve	open-defecation-free	(ODF)	status	aligned	with	the	vision	from	the	
UN,	which	have	significant	partnerships	within	Ghana	to	promote	behavioral	change	to	
eventually	achieve	ODF	status.	UNICEF	partnered	with	health	authorities	in	Ghana	to	
implement	the	Rural	Sanitation	Model	and	Strategy	to	promote	communities	building	their	own	
latrines,	reduce	dependency	on	government,	and	promote	community	health	(53).	Additionally,	
UNICEF	stated	that	more	rigorous	national	monitoring	and	evaluation	practices	were	necessary	
to	improve	WASH	conditions,	and	emphasized	that	behavior	change,	rather	than	direct	supply	
of	resources	or	latrines,	would	be	a	solution	to	reduce	open	defecation.	The	WHO’s	original	
goal	of	eliminating	STH	by	2021	is	not	likely	to	succeed	–	shifting	global	priorities,	including	the	
COVID-19	pandemic,	have	pushed	neglected	tropical	diseases	such	as	hookworms	down	the	
priority	list.	Further,	as	it	seems	from	our	study	population,	it	seems	that	the	implementation	of	
latrines	by	itself	is	insufficient	in	eliminating	the	disease.	
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Conclusion	
In	this	study,	we	followed	up	on	a	2017	epidemiological	survey	of	helminth	infections	in	
the	Kpandai	district	of	Ghana,	which	had	originally	found	a	community-level	variation	in	
hookworm	prevalence	in	three	neighboring	villages.	Using	a	mixed-methods	approach,	we	
investigated	environmental,	household	and	individual	risk	factors	for	hookworm	infection	
across	three	rural,	agrarian	communities	in	the	Kpandai	District,	Ghana.	Hookworm	prevalence	
continued	to	be	highest	in	JG,	compared	to	TK	and	WC,	which	reported	low	baseline	levels	of	
infection.	We	identified	household	size	to	be	a	risk	factor	for	hookworm	infection,	and	that	
severely	food	insecure	household	members	were	protected	against	hookworm	infection.		
From	our	data,	it	was	difficult	to	identify	a	single	factor	that	could	explain	the	variation	
in	hookworm	prevalence.	However,	important	information	on	village	history	and	beliefs	were	
uncovered	during	the	interviews,	which	could	shed	light	on	our	understanding	of	eliminating	
STH	in	endemic	regions.	
Briefly,	initiatives	for	infrastructure	development	could	be	implemented	in	a	rapid	time	
frame,	as	was	the	case	with	latrine	installation	in	JG.	Thus,	there	is	the	potential	for	behavioral	
change	campaigns	to	be	rapidly	taken	up	by	the	community	members.	However,	we	saw	that	
an	incomplete	health	education	campaign,	or	lack	of	proper	materials	or	construction,	can	lead	
to	the	disuse	of	improper	latrines,	and	even	sustain	hookworm	transmission	cycles.	Further,	it	
does	not	seem	that	all	individuals	are	being	treated	during	yearly	MDAs,	as	many	survey	
respondents	do	not	report	knowledge	of	deworming	campaigns.		
JG	was	estimated	to	be	twice	as	large	as	the	other	two	villages.	Women	reported	that	
there	was	overpopulation	in	the	community,	especially	relating	to	water	resource	use.	Further,	
we	identified	a	few	households	with	a	majority	of	their	members	who	tested	positive	for	
hookworm.	In	regions	of	high	population	density,	these	individuals	can	continue	releasing	eggs	
into	the	environment,	and	continue	cycles	of	re-infection	by	either	carrying	the	parasite	
elsewhere	to	common	areas	in	the	community,	or	by	self-infecting	due	to	a	lack	of	proper	
footwear.		
Results	from	this	study	reveal	important	gaps	in	the	strategy	to	eliminate	STH	in	
endemic	regions	of	the	world.	The	original	2020	goal	to	treat	hundreds	of	millions	of	children	
for	hookworm	was	not	fulfilled	on	time.	To	eliminate	STH	by	the	next	time	point,	perhaps	there	
needs	to	be	strategic	adjustments	to	account	for	not	only	the	mechanisms	of	hookworm	
transmission,	but	also	the	complex	manifestations	of	its	circulation	within	human	societies.			
	 	
	 Kim	53	
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